perform profitably in the future. Moreover, the historical volatility model differs from the expected valuable models, whereas the optimum investment year between the models formed by the uncertainty inductions from the expected values exhibit minimal difference.
Introduction
Recently, many investment opportunities have emerged due to existing technology and market standards, and the developing technology and favorable changes in market conditions. At the realization stage of the investment projects, every investor makes decisions upon evaluating their experiences, intuitions, or feelings. At this point, the feasibility of the projects is examined based on classical methods such as net present value, internal profitability ratio, or payback period. However, market changes, uncertainties related to technological developments, and managerial flexibilities are not considered by these classical methods. In conclusion, the managers may miss good opportunities because of their limited perspective.
The theory of instrumentalization of financial options on real investment decisions due to the uncertainty notion has appeared in the literature as real options. After the option pricing model of Black & Scholes (1973) was introduced in 1973, the term "real options" was first expressed in the work of Stewart Myers (1977) . According to Leuhrmann (1998) , some strategic components can create a significant learning effect and reduce the uncertainty that allows deferment of the projects and then alteration and abandonment. By applying real-options theory, Dixit and Pindyck (1995) and Amram and Kulatilaka (1999) defended modeling the uncertainty in real investment projects.
The real-options theory has two main objectives: to handle the uncertainty in cash flows and to consider the influence of managerial flexibility. Since future incomes and expenses have become difficult to estimate, the margin of error must be involved in the model. In addition, the idea must include managerial flexibility such as deferment, expansion, and abandonment of investments. The realoption approach meets these needs, and therefore reaches further than the classical approaches.
The fuzzy set theory introduced by Zadeh (1965) has been utilized in numerous studies. This ordinary fuzzy set later had many extensions, which can be classified (in chronological order) as Zadeh's (1975) type-2 fuzzy sets, Atanassov's (1983) intuitionistic fuzzy sets, Yager's (1986) fuzzy multisets, Smarandache's (1999) neutrosophic sets, Garibaldi, Musikasuwan and Ozen's nonstationary fuzzy sets (2005) and Torra's (2010) hesitant fuzzy sets. Atanassov intended to generalize the theory of Zadeh with his intuitionistic fuzzy logic theory. However, he stated that the membership degree function and the non-membership degree function may not fully explain the fuzzy number, and that the expression of the fuzzy number must include a non-null hesitation part in itself. Therefore, intuitionistic fuzzy sets have been widely accepted as an alternative to ordinary fuzzy sets (Shaw & Roy, 2012) . Carlsson and Fuller (2003) used trapezoidal fuzzy numbers in real-options theory, and called their method fuzzy real-option valuation model based on which the present value of expected cash flows and expected costs cannot generally be expressed by crisp numbers. At this point, by using the concept of possibility along with the concept of uncertainty, the investment decision can be observed from a wider perspective. Estimated cash flows and costs are not expressed by exact numbers but the possibility of current numbers in the vicinity is also added to the model. The use of intuitionistic fuzzy sets in real-option theory provides a much more comprehensive and broad perspective to the concepts of uncertainty and flexibility.
The main point and novelty of this study is to develop a real-option pricing model with intuitionistic fuzzy numbers since decision makers require more comprehensive and informative models to value the projects that have a high degree of uncertainty in developing countries such as renewable energy investments including solar energy. An investment in solar energy facility construction may seem unprofitable and may be abandoned directly with the classical investment analyses. However, a flexible analysis based on intuitionistic fuzzy sets may provide a different result because these sets can consider all possibilities of the environmental conditions and decision-maker's hesitancy. Moreover, both the historical volatility and the volatility calculated from expected value of the intuitionistic fuzzy numbers will be used for the intiutionistic fuzzy real option valuation to compare two methods.
The rest of the article is structured as follows. In Section 2, the definition of real options and the literature review of fuzzy sets in real options are given. In Section 3, intuitionistic fuzzy sets are defined and their arithmetic operations are presented. The intuitionistic fuzzy real options model, the main topic of Section 4, and the variables used in the model are explained. In Section 5, the explanatory example is given and the study is completed with the conclusion section.
Literature Review
A real option for an investment project enables the decision maker to defer, reduce, expand, or abandon the investment project, the cost of which corresponds to strike price in financial options, for a predetermined period of time and at the cost of the option for that period (Copeland & Antikarov, 2001 ). This option is called a dynamic investment valuation process. Trigeorgis (1993) , who discussed the real-option theory into a book, stated the importance of managerial flexibility for investment decisions. Option to defer, option to abandon, staged investment, option to alter operating scale, option to switch, growth options, and multiple interacting options are the real-option types according to Trigeorgis (1996) . Carlsson and Fuller (2003) developed a fuzzy approach to real-option valuation because the present value of expected cash flows and expected costs cannot generally be expressed in a classical number. In the model proposed by Merton (1973) , the dividend distribution variable was added to the model of Black & Scholes (1973) . The dividend distribution variable, which results in a certain reduction in cash flows, was modeled as an exponential function.
Theorem 1: If variables are defined as follows: ̃0 is fuzzy present value of expected cash flows, ̃ is fuzzy value of expected investment costs, T is remaining option time, σ is standard deviation of fuzzy present value of expected cash flows, r is risk-free interest rate, and N(d) is cumulative standard normal distribution function, then:
Definition 2: Carlsson and Fuller [19] mentioned how to calculate fuzzy present value of the expected cash flows and fuzzy value of expected investment cost with respect to the left-right fuzzy numbers. This formulation is for the fuzzy numbers expressed in trapezoidal form as follows:
(4) Definition 3: Carlsson and Fuller (2001) defined the standard deviation variable and the formulation for the type-1 trapezoidal fuzzy numbers of the standard deviation expressed as left-right fuzzy numbers as follows:
Based on the fuzzy present value of the expected cash flows from the preceding variance formula, the standard deviation value used in the expression of uncertainty is found in the model. After calculating the variance of this value, the standard deviation is calculated. At the latest stage, the standard deviation of the fuzzy value of net operation cash flows is standardized by dividing the net operation cash flows by the expected value as follows:
Lee and Lee (2011) used Carlsson and Fuller's model to determine the investment decision on radio frequency identification (RFID) systems. Their objective was to invest in advanced information technologies such as RFID systems, which have high risk, and to use options such as change, postponement, expansion, and abandonment. Ucal and Kahraman (2009) applied this model for similar purposes. However, it was intended to prevent the loss of information by leaving the expected values of cash flows and costs in the model for the next stages. Ho and Liao (2011) evaluated a two-step investment decision of a local biotechnology company using a fuzzy binomial model. On the other hand, Zmeskal (2010) proposed a fuzzy stochastic model for the American-type call option. Tolga (2009) used Carlsson and Fuller's fuzzy option valuation model as a criterion for multi-criteria decision-making models of the R&D investment decision. You et al. (2012) used real options to invest in enterprise resource planning. Heng, Chen, and Tan (2014) stated that modeling compound options by Geske (1979) and the theory by Agliardi and Agliardi (2013) , which generalizes Geske's theorem in time-dependent volatility and interest rate, could be applied in land expropriation practice in a fuzzy environment. Meanwhile, Biancardi and Villani (2017) modeled the compound American Exchange options with a fuzzy approach in their study. They declared that this option approach, which is suitable for sequential structure of R&D projects, could be used in a fuzzy environment. Furthermore, they used fuzzy volatility and dividend variables. Kozlova, Collan and Luukka (2016) compared the Datar-Mathews method based on Monte Carlo simulation, which is probability-based, and the fuzzypayoff method, which is possibility-based, and observed that the results are compliant with each other. Aranda, Arango and Lianos (2016) Atanassov (1983) suggested that the membership and non-membership functions may not fully express a fuzzy number, and that a hesitation part must be applied to account for a fuzzy number in large circumstances of uncertainty.
Intuitionistic Fuzzy Sets
The x real number of a universal set is also defined by the membership degree in the same set as well as the nonmembership degree. This is also the extended statement of the fuzzy number. μÃ
Definition 4: Atanassov, who aimed to expand the classical fuzzy set theory, realized that these numbers could be developed for intense ambiguous circumstances and could be used to express more comprehensive uncertainty; thus, he added the following value of hesitation to theory: πÃ i (hesitation degree) = 1-μÃ i -VÃ i (7) Moreover, for every x in the universal set, intuitionistic fuzzy numbers must have a definition that can be distinguished from the classical fuzzy theory:
i is a trapezoidal intuitionistic fuzzy number; the real numbers a1, a2, a3, a4, b1, and b2 are used as critical expressions in the formation of the membership degree function.The trapezoidal intuitionistic fuzzy number was expressed as follows by Shabani and Jamkhaneh (2014) :
The intuitionistic fuzzy number Ã i is expressed as follows: Ã i = (b1, a1, a2, a3, a4, b2, μA, VA).
As graphically, it is illustrated in Figure 1 . On the other hand, Grzegorzewski (2003) suggested a type of trapezoidal fuzzy number. As a special case, the most possible value or values of membership degree of an intuitionistic fuzzy number can be taken as 1 and the value of hesitation is set to 0. Therefore, obscurity of the most possible value range is removed. Nehi and Maleki (2005) revealed the trapezoidal fuzzy numbers as linearly the functions of membership and non-membership degrees.
Definition 6: If an intuitionistic fuzzy number is defined as Ã i = (a1, a2, a3, a4; b1, a2, a3, b2), unlike in the work of Grzegorzewski (2003) and Nehi and Maleki (2005) , the most possible value range is taken to be the same in the membership and non-membership degree functions. Based on this situation, the following are the trapezoidal types of intuitionistic fuzzy numbers:
As graphically, it is illustrated in Figure 2 .
μA ( The fuzzy number was expressed as a special case in Shabani and Jamkhaneh's theory. In this number, the membership function of the most possible value range is 1 and the non-membership function is 0. Zainali, Akbari, Noughabi (2015) used same concept in their study for L-R intuitionistic fuzzy numbers as well.
Definition 7: Operations on intuitionistic trapezoidal fuzzy numbers which are inspired by Nehi and Maleki (2005) and Kumar (2014) can be expressed as follows. Ã i = (a1, a2, a3, a4 ; b1, a2, a3, b2) and ̃i = (n1, n2, n3, n4 ; m1, n2, n3, m2) are defined as two intuitionistic fuzzy numbers:
The reason why it is approximately accurate is that the functions of membership and non-membership degrees can change. Critical values remain exactly the same. If Nagoorgani and Ponnalagu's (2012) expected value proposal were adapted to trapezoidal intuitionistic fuzzy numbers, the expected value proposed for triangular intuitionistic fuzzy numbers is:
Arithmetic Aggregation:
Intuitionistic Fuzzy Real-Option Valuation Solar energy investments require high level of investment costs and also involve high level of uncertainty in their future cash flows. The classical investment analysis techniques do not consider the probabilistic nature of these kind of investments because of their static point of views. Real option valuation models present excellent tools to consider the uncertainty including vagueness and impreciseness.
Carlsson and Fuller modeled Merton's more developed version of the option pricing theory proposed by Black and Scholes with trapezoidal fuzzy numbers. In this study, this model is formulated with trapezoidal intuitionistic fuzzy numbers rather than trapezoidal fuzzy numbers.
Intuitionistic fuzzy numbers hold more information than type-1 fuzzy numbers and can be considered as a generalized version of type-1 fuzzy numbers. Decision makers need more informative models to evaluate the projects that have a high degree of uncertainty. The necessity of estimating the expected cash flows and the costs by the trapezoidal possibility distribution, in which the volatility variable in the real-options theory would not be sufficient to express uncertainty, revealed the need for Carlsson and Fuller to use fuzzy numbers in the realoptions theory. On the other hand, the uncertainty of the investment environment in the developing countries highlights the need for an inclusive model with additional information on investment projects. Real-option valuation with intuitionistic fuzzy numbers will meet the need for this model in valuation of investment decisions in the market where more uncertainty is experienced. Furthermore, hesitation of the decision makers and the market conditions will be transferred to the investment project valuation model, which is the intuitionistic nature of fuzzy numbers.
Any uncertainty regarding the investment conditions of an investment project in the coming years will increase anyway. The operation nature of intuitionistic fuzzy numbers will tend to increase the variability in cash flows and costs over the coming years and will adapt to the growing uncertainty of investment conditions. Besides, managerial flexibility such as postponement of investment decisions, capacity increase, and growth will be more comprehensive in the valuation model.
These numbers are used as the intuitionistic trapezoidal number in this model, aiming at investment decisions valuation, because of the above reasons and the fact that the expected cash flows and the expected cost should include more information. On the other hand, the reason why the value of hesitation for the most possible value range is removed is the idea of reducing the uncertainty of most possible value ranges. Uncertainty must always increase toward the margins. Regardless of the market, further certainty in the most possible value range of the model, which is at least the expectation of the market and the observational preference of those who have decided on investment processes (experts).
Step 1: Intuitionistic fuzzy present value of expected cash flows is obtained by using . The present value is illustrated in Figure 3 .
VA (x) μA ( Step 2: Intuitionistic fuzzy value of the expected investment cost is obtained based on experts knowledge on solar energy investments. (x1, x2, x3, x4; y1, x2, x3, y2) Step 
If the frequencies in the expected value expression are used for the risk-seeking decision maker used in the preceding sections, the expression becomes:
For the risk-averse decision maker:
In the model, the value obtained from the portion of the expected value of cash flows for standardizing the use of the model in which the variance is converted to standard deviation by taking the square root is used as volatility:
In addition to this variance calculation, historical volatility used in the classical option or real option valuation is also used for comparison purposes. n + 1 observation number, Vj j. underlying security price at the end of term, T annual time interval, uj variable is defined as below:
(37) j = 1,2,….,n. "ū" is the mean of "uj"s.
Finally, volatility is calculated: σ =v / √T
Expected value expressions within the cumulative standard normal distribution variable can be found in different forms for two risk-seeking and risk-averse decision makers. Moreover, frequencies and standard deviation calculations and historical volatility can be used over the expected values for risk-seeking and risk-averse investors for volatility. These three volatility accounts are comparable. In addition, the decision maker may prefer one of these calculations according to the investment environment and the type of investment.
Once the cumulative standard normal distribution variance has been calculated, the expected cash flows and expected cost enter the operation with the intuitionistic trapezoidal fuzzy number.
Step 4: Intuitionistic fuzzy real-option value (IFROV) is calculated by using Eqs. (39-41). C i = (c1, c2, c3, c4; d1, c2, c3, d2) t = Remaining option time (time to maturity) σ = Standard deviation of cash flows (volatility) r = Risk-free interest rate
Without dividend distribution assumption, the calculations are: IFROV = (s1, s2, s3, s4; t1, s2, s3, t2)N(d1) -(x1, x2, x3, x4; y1, x2, x3, y2)
-(rT) N(d2)) (43) As Carlsson and Fuller explain, the possibilistic realoption value and the possible expected value of the IFROV can be equal only if the intuitionistic real-option value is symmetric. However, this condition is a coincidence.
Step 5: While it is determined to invest, the basic criterion is the expanded net present value. According to Trigeorgis [16] , the profitability of a project can be evaluated by Eq. (44): Expanded NPV = Classical NPV + Option Premium (44) Expanded intuitionistic fuzzy net present value is then calculated by Eq. (45): (EIFNPV) =Intuitionistic fuzzy net present value (IFNPV) + Intuitionistic fuzzy real-option value (IFROV) (45) In another notation:
(NPṼ i )t = (s1, s2, s3, s4; t1, s2, s3, t2)t -((x1, x2, x3, x4; y1, x2, x3, y2)t/(1+WACC) t ) (47) (ENPṼ i )t = (s1, s2, s3, s4; t1, s2, s3, t2)t -((x1, x2, x3, x4; y1, x2, x3, y2)t/(1+WACC) t ) + (c1, c2, c3, c4; d1, c2, c3, d2) , (̃i)t = (e1, e2, e3, e4; f1, e2, e3, f2)t
Step 6: Among the expanded net present values for each current investment year, the year with the maximum intuitionistic fuzzy number value is considered as the optimum investment year (t * ) as in Eq. (50): 
Illustrative Example
The main topic of the study is the Real Option Valuation with Intuitionistic Fuzzy Numbers. In the explanatory example, it will be examined whether the investment of licensed photovoltaic solar energy, which does not seem profitable for Turkey today, will be profitable in the next 15 years, and the most profitable year, itself. The use of 3 different approaches to the variance account will give 3 different views to the study. In fact, our ultimate goal is to reach the expanded present net value. To achieve this goal, various assumptions, models and market data should be used. Here are the definitions of how each variable in the model is used in this context.
Electricity Prices and Electricity Price Changes
There is no production in the first year. A state purchase guarantee for $ 13.3 cents / kWh will be available for the next 10 years. Euro/Dollar parity = (1.06, 1.09, 1.12, 1.15; 1.03, 1.09, 1.12, 1.18) But, it is foreseen that this purchase guarantee, which is valid for companies to operate until the end of 2020, will not continue in the same way after this date. The change in the purchase guarantee is transferred to the model with the geometric aggregation decision-making process. Table 1 Purchase Guarantee Change with the Geometric Aggregation Decision-Making Process DM1 ( 0.71, 0.72, 0.73, 0.74; 0.70, 0.72, 0.73, 0.75) DM2 ( 0.63, 0.66, 0.69, 0.72; 0.60, 0.66, 0.69, 0.75) DM3 ( 0.63, 0.66, 0.69, 0.72; 0.60, 0.66, 0.69, 0.75) FINAL ( 0.66, 0.68, 0.70, 0.73; 0.63, 0.68, 0.70, 0.75) So it will be: (7.58, 8.07, 8.58, 9.12; 7.12, 8.07, 8.58, 9 .68) Euro cent / kWh.
After a period of ten years of warranted purchase, licensed companies will be able to sell at the market the electricity that they produce. For this reason, starting from today, the change of electricity prices should be calculated. These changes are used by translating the percentage change interval to the intuitionistic trapezoidal number critical values with equal intervals, each valid for seven years. The 7-year estimates are then annualized. The decisions of the three decision makers are expressed as a percentage of the intuitionistic trapezoidal number, then aggregated with the geometric average. 
Investment Costs and Investment Cost Variation Estimation
The cost for the 20 MW plant will be 20000000 Euros. On the other side, developed technology and supplydemand balance differ the initial investment costs every year. The scenario of change in initial cost investment in the form of expert opinion is predicted to change in 5 years as follows: Table 3 Intuitionistic Years 11-15 (0%) (1.000, 1.000, 1.000, 1.000; 1.000, 1.000, 1.000, 1.000) DM2 Yearly Years 11-15 (0%) (1.000, 1.000, 1.000, 1.000; 1.000, 1.000, 1.000, 1.000) Aggregations Yearly The parenthesized values are the total change intervals over 5 years. The margin values are assumed and then divided in equal intervals for each of the critical values of the intuitionistic trapezoidal number.
Contribution Paid to the State
Companies wishing to produce licensed solar energy have to pay contributions to the government. That contribution has been modeled with intuitionistic fuzzy numbers to overcome its uncertainty in the study.
First four year contribution for 20 MW = (8, 8.5, 9, 9.5; 7.5, 8.5, 9, 10) million Euros.
The contribution paid to the state will be determined by the decision makers with geometric aggregation models after 2020. , %20) (1.08, 1.11, 1.14, 1.17; 1.05, 1.11, 1.14, 1.20) FINAL (1.07, 1.10, 1.13, 1.17; 1.03, 1.10, 1.13, 1.20)
Annual Electricity Generation
Today, with an annual investment to our southern regions, it is possible to generate 1752000 kW of energy per plant, on average 1 megawatts. The current output is calculated as follows:
20000000 w * 365 day * 24 hour/day * (0.197, 0.199, 0.201, 0.203; 0.195, 0.199, 0.201, 0.205 ) (efficiency rate) = (34514400, 34516152, 34863048, 35209944; 33822360, 34516152, 34863048, 35556840) Yield ratios according to years have been determined according to expert opinion by considering factors such as developing technology, supply-demand balance and loss of potential investment points. For expert opinion, we have consulted with Gensed in Turkey. Since these efficiency ratios are considered as the average of expert opinions, no aggregation has been performed. The efficiency ratios used are as follows. (0.202, 0.204, 0.206, 0.208; 0.200, 0.204, 0.206, 0.210) 2 (0.207, 0.209, 0.211, 0.213; 0.205, 0.209, 0.211, 0.215) 3 (0.212, 0.214, 0.216, 0.218; 0.210, 0.214, 0.216, 0.220) 4 (0.217, 0.219, 0.221, 0.223; 0.215, 0.219, 0.221, 0.225) 5 (0.222, 0.224, 0.226, 0.228; 0.220, 0.224, 0.226, 0.230) 6 (0.2235, 0.2255, 0.2275, 0.2295; 0.2215, 0.2255, 0.2275, 0.2315) 7 (0.225, 0.227, 0.229, 0.231; 0.223, 0.227, 0.229, 0.233) 8 (0.2265, 0.2285, 0.2305, 0.2325; 0.2245, 0.2285, 0.2305, 0.2345) 9 (0.228, 0.230, 0.232, 0.234; 0.226, 0.230, 0.232, 0.236) 10 (0.2295, 0.2315, 0.2335, 0.2355; 0.2275, 0.2315, 0.2335, 0.2375) 11 (0.231, 0.233, 0.235, 0.237; 0.229, 0.233, 0.235, 0.239) 12 (0.2325, 0.2345, 0.2365, 0.2385; 0.2305, 0.2345, 0.2365, 0.2315) 13 (0.234, 0.236, 0.238, 0.240; 0.232, 0.236, 0.238, 0.242) (0.2355, 0.2375, 0.2395, 0.2415; 0.2335, 0.2375, 0.2395, 0.2435) 15 (0.237, 0.239, 0.241, 0.243; 0.235, 0.239, 0.241, 0.245) In addition, it is assumed that productivity loss of 1.0% per year for the investment life of 20 years in any investment year.
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Capital Budgeting of Investment Cost and Weighted Average Cost of Capital
While 30 % of the capital budget of the solar energy investment is covered by the shareholders, the other 70 % is covered by the bank credit. (i=%6.5, kd = 15%, Tax rate =%20) WACC = %6.50*0.70*0.80 + %15.00*0.30 = %8.10
Volatility (Standard Deviation)
The value calculated with the historical volatility calculation for the model is also used for comparison and the electricity prices become the basis for this calculation. 98 monthly electricity price data have been taken since July 2009 from Exist (Energy Exchange Istanbul) are calculated for historical volatility. While the monthly volatility value is 15.20 %, the annual value is 52.85 %. The value is different each year because cash flows are used both in the risk-seeker and the risk-averse models in the volatility calculation made with the variance of the intuitionistic trapezoidal number. The volatility values used for each year are indicated below: The annual cost of 300000 Euros is taken as the annual business expenses. The business expense is also considered 200000 Euros in the first year which is the year of plant installation without production. Tax rate = %20, Risk-Free Interest Rate = %4.50. Useful life is 10 year for solar energy investment. So, normal amortization (%10) is applied to our investment project. Investment life is 20 year.
Results of the Research
In the study, first, the net present value is evaluated in order to answer to the question if the investment is done today, whether it can be done profitably or not. The net present value of the solar energy investment project which generates energy from photovoltaic cells, is calculated as (-8167423, -6784107, -5333159, -3807334; -8584591, -6784107, -5333159, -1263337) Euros intuitionistic fuzzy number. It does not seem to be done for today with the expected value of -5757152 Euro. With the share of deferment (postponement) flexibility provided by the real option valuation, it will be questioned whether the project will be profitable in the years to come, and if so, in which year it will be the most profitable. In this case the extended net present value will be used as a criterion. The expected values of the results of study below indicate the given critical value.
For the 15 different investment years in the table below  (table 8)  We reached the positive expected expanded net present value by the investment carried out after 4 years thanks to the model in which the standard deviation found with HV (historical volatility) calculation. This is the first profitable year according to our basic criterion. On the other hand, in this model, with a 6-year delay, both the expected option value and the expected extended net present value reach the maximum.
 The expected net present value of the project is positive for the first time due to the investment postponed for 5 years. In addition, the 7 th year reaches its maximum.
However, these situations do not include standard deviation, which is the expression of uncertainty created by various ambiguous situations. Uncertainty has thus not yet fully modeled.  For the first time in the RA (risk averse) model, the expected expanded net present value reaches the present value due to the investment postponed for 4 years. Thanks to this model, the investment to be performed in the 10 th year reaches its maximum expected option value and in the 9 th year reaches its maximum expected expanded net present value. Regarding to our main criteria, the project should be realized with this modeling after postponing for 9 years.
 For the first time in RS (risk seeker) model, the investment to be performed after 4 year postponement reaches the expanded net present value. Thanks to this model, it reaches its maximum expected expanded net present value in the investment with 8 year delay while reaching its maximum expected option value with the investment to be carried out in 9th year. Regarding to our main criteria, the project should be realized with this modeling after postponing for 8 years. Moreover, when other valuations are considered, this expected net extended present value provides the highest profitability of the project.
 Thus, models with frequency-standard deviations modeled this phenomenon due to the increasing uncertainty of intuitionistic fuzzy numbers over the years and increased the risk perception. The historical volatility model has remained constant throughout the model, resulting in a more conservative structure. On the other hand, it is observed that there is a difference between the frequency models in terms of the value of the investment and the difference in the optimum year in which the investment should be realized is very small. So, there is no difference in terms of optimum investment year between frequency models. But, optimum investment year in HV model shows its difference with its early investment realization. 
Conclusion
Real options have been the subject of many studies in the field of investment analysis. The concepts of uncertainty and managerial flexibility, which are not included in the classical methods used in project evaluation, can be modeled by this method. Subsequently, Carlsson and Fuller proposed a fuzzy real-option model because these numbers can be used as fuzzy numbers for situations where investment costs and cash flows cannot be modeled as a single number. In this study, since the uncertainty of cash flows and investment costs can be modeled in a wider context, cash flow and investment cost are expressed as intuitionistic fuzzy numbers and an intuitionistic fuzzy real-option model is proposed. Moreover, the variables that determine cash flows and costs are expressed as intuitionistic fuzzy numbers. In addition, when multiple decision makers are needed, the intuitionistic fuzzy numbers that the decision makers provide for the variables can be transferred to the model with aggregation methods. Thus, when deciding in a market with intense uncertainty, we propose a model in which multiple decision makers are involved, including the hesitation degree. Owing to this model, decision makers are able to determine their hesitation effectively. Moreover, this generalization provides the model that involves further information and the transfer of information to the last stage of the model. This study examines whether a licensed project based on a photovoltaic solar panel system in Turkey can be profitably realized and when this investment should be performed based on the proposed model. Uncertainty is modeled in a wide scope using many variables as an intuitionistic trapezoidal fuzzy number. In addition, uncertainty expression, which is a variable in the model, is calculated both through risk perception and historical volatility on expected values. Regarding the observation, a minimal difference is observed between the models calculated on expected values according to various risk perceptions. On the other hand, a significant difference is observed between the fixed standard deviation, historical volatility, and other factors. The uncertainty rising over the years in the model calculated from the expected values increases the value of the standard deviation. This condition allows the decision maker to make flexible decisions.
As a result, the investment project, which cannot be realized under the current conditions, will be profitable in the future with the option of postponement brought by managerial flexibility in the real-options theory. The most profitable year depends on the standard deviation used for uncertainty. In this manner, decision makers can choose what expression to use for uncertainty based on current market conditions.
In the future, researchers who want to be inspired by this study can model real options with either hesitant fuzzy sets or type-2 fuzzy sets instead of intuitionistic fuzzy set theory. Moreover, in the same model, the volatility variable can also be used as an intuitionistic fuzzy number. In addition, the model can be applied to other investment decisions besides the renewable energy sector, where uncertainty and volatility exist at a considerable level. Statistical and/or multi-attribute decision-making models can be used or integrated into these models to provide additional data.
